Objective. To assess reliability, validity, and responsiveness of a 29-item short-form version of the Patient Reported Outcomes Measurement Information System (PROMIS) and a novel "impact score" calculated from those measures.
Introduction
Measuring outcomes for patients with chronic pain conditions remains challenging. Clear and objective outcomes such as death or complete cure are relatively rare. Self-reported outcomes such as pain and physical function scores are widely used, and there are several familiar instruments for assessing these outcomes [1, 2] . However, investigators frequently want to measure a wide range of other relevant and patient-centered outcomes, such as mood, sleep quality, social interactions, and others. An important measurement challenge has been the tradeoff between instrument breadth and lengthseeking reliable, valid, and responsive measures of multiple constructs while minimizing respondent burden.
In recent years, the National Institutes of Health (NIH) have supported development of the Patient Reported Outcomes Measurement Information System (PROMIS) to assess self-reported outcomes in several domains relevant for multiple clinical conditions [3] [4] [5] [6] . This effort began by identifying items from well-validated "legacy" measures, adapting them into large item banks, and modifying response options into standardized formats. Based on Item Response Theory, the items in each domain were ranked by difficulty or severity, using responses from large patient or general population samples. The aim was to create computer adaptive tests that were brief, yet would measure various outcomes precisely over a wide range of impairments. Computer adaptive tests adjust the sequential items asked according to previous responses, so an estimate of pain or function, for example, can be reached with the fewest possible questions.
In addition to the option of computer adaptive testing, PROMIS developers created several short-form versions of the measurement instruments [5, 7] . These short forms are available in several lengths, and are intended to elicit scores that would match those obtained from computer adaptive testing. The measurement error is slightly greater with short forms [8] , but they offer investigators an opportunity to use PROMIS measures in situations where Internet access is unfeasible or unavailable.
The NIH also recently sponsored a Research Task Force (RTF) to create standards for clinical research on patients with chronic low back pain [9] . The Task Force recommended use of the PROMIS measures or their short forms for characterizing a range of patient traits at baseline. The intent was that all clinical researchers assess and report a standard set of patient characteristics. For example, even surgical investigators would routinely report measures of patient mood, and even psychologist investigators would routinely report measures of physical function. If investigators are not using computer adaptive testing, the Task Force recommended use of scales from the 29-item short form, which assesses several constructs (e.g., physical function, depression, sleep disturbance) with just four items each. Pain intensity was measured with a single item on a 0-10 numerical rating scale.
The Task Force also recommended a novel "impact score" that combined results of the Pain Intensity, Physical Function, and Pain Interference PROMIS scores (nine items from the 29-item short form version) [9] . This was conceived as a means of stratifying patients aside from their anatomic or pathophysiologic characteristics, taking advantage of the prognostic and discriminatory features of pain intensity, physical function, and pain interference. Though this recommendation was made for studying chronic low back pain, the impact score may be relevant for many forms of chronic musculoskeletal pain.
There are a few reports of using the PROMIS measures for studying musculoskeletal pain or interventional pain procedures [10] [11] [12] [13] [14] [15] [16] . For example, the four-item measures of depression and anxiety showed high levels of internal consistency and strong correlations with legacy measures among patients with mixed musculoskeletal disorders [16] . The computer adaptive version of the physical function items showed high internal consistency and negligible ceiling and floor effects among back pain or orthopedic trauma patients [12, 13] . Among patients with rheumatoid arthritis, a 20-item version of the PROMIS physical function scale was more responsive to change than two widely used legacy measures [15] . However, the PROMIS measures, especially the fouritem short forms and the impact score, have not yet been widely used or examined among patients with chronic pain conditions. Thus, we have limited information about traditional psychometric performance of these measures in this population.
We examined performance of the 29-item version of the PROMIS short forms and the RTF "impact score" in a prospective cohort study of patients with chronic musculoskeletal pain. Our aims were to:
Assess the reliability and validity of the PROMIS short form versions of pain intensity, pain interference, physical function, depression, anxiety, fatigue, sleep disturbance, and satisfaction with social role; Assess the responsiveness of these instruments to changes over time; and Assess the psychometric properties of the novel "impact score" recommended by the NIH Task Force on Research Standards for Chronic Low Back Pain.
Methods

Setting
Subjects were recruited from five rural primary care practices that were members of the Oregon Rural Practice-based Research Network (ORPRN). The main purpose of the study was to track longitudinal changes in pain and neuropsychological measures according to type of pharmacologic therapy. All activities were approved by the Institutional Review Board of Oregon Health & Science University. Subjects provided written informed consent.
Subjects
We identified potential subjects from administrative records in each primary care office, using a list of ICD-9-CM diagnosis codes that included various forms of back pain, neck pain, shoulder pain, extremity pain, arthritis, or carpal tunnel syndrome. This included 214 ICD-9-CM codes that we thought would capture the vast majority of patients with musculoskeletal pain. Potential subjects were screened for inclusion by medical record review and telephone interview and then completed a written survey at baseline. Patients confirmed the presence of chronic musculoskeletal pain, and named "the pain that bothers you most." Eligibility criteria included age ! 55 years, because the larger study targeted neuropsychological effects of analgesics that may be most common in older adults. We required at least two visits or contacts for musculoskeletal pain in the past year (spanning at least 3 months), and current pain intensity rated ! 5 on a 10-point scale. We sought patients with at least moderate pain (! 5 points) because of larger study goals, which depended on some fraction of subjects initiating opioid therapy, and having sufficient pain to observe important analgesic effects. Subjects were required to have received no prescription opioid therapy for at least one month prior to enrollment, as one of the broader study goals was to compare those who did or did not subsequently initiate opioid therapy. The absence of opioid use in the past month was confirmed by three methods for every patient: medical record review, patient self-report, and baseline urine screen. Subjects were also required to have a telephone, not be planning to move, and not have cognitive impairment, as assessed by the St. Louis University Mental Status Examination (SLUMS) [17] or the Telephone Interview for Cognitive Status (TICS) [18, 19] .
Exclusion factors were a known adverse reaction to opioids, life expectancy less than two years (inferred from the presence of major systemic illness such as metastatic cancer or multiple hospitalizations for chronic organ failure), current prescription opioid use or use in the past month, or inability to provide informed consent due to dementia or major psychiatric illness.
Any treatments provided to patients over the 3-month study interval were entirely at the discretion of the treating clinician, and were in no way constrained by the study.
Measures
We focused largely on self-reported pain symptoms, functional status, and potential neuropsychological adverse effects of treatment. We used the 29-item PROMIS short form to minimize respondent burden, especially in the face of repeated measurements.
Measures included:
Demographics, pain history, work status, and disability compensation status; The Pain Catastrophizing Scale (PCS) [20] ; The PROMIS-29 profile, which includes: Pain Interference, four items; Pain Intensity, one item; Physical Function, four items; Fatigue, four items; Depression, four items; Anxiety, four items; Sleep Disturbance, four items; Satisfaction with Social Participation, four items [7] ; At 3-month follow-up, a self-rating of pain as "much less", "a little less", "about the same", "a little worse", or "much worse".
Each measure (except the PCS) was collected at baseline (in-person) and at 3 months. Follow-up for this project was mainly by mail. When mail contact failed, we attempted telephone contact. We provided a financial incentive of $10 for in-person contacts and $5 for telephone or mail-based contacts.
Data Analysis
Baseline characteristics and baseline scores on the outcome measures were tabulated as means with standard deviations or as percentages. We calculated the impact score as recommended by the NIH Task Force. This calls for reversing the usual scoring scale of the physical function items so that a score of one is least severe and five is most severe. The impact score was calculated as the sum of the reversed raw physical function score plus the raw pain interference score plus the pain intensity score. The resulting range of possible scores is from eight (least impact) to 50 (greatest impact) [9] .
We used the recommended T-score method for reporting all PROMIS scores, allowing the use of population norms for interpretation. With this method, a score of 50 points represents the population mean for each scale, and 10 points represent one standard deviation. Higher scores always indicate more of the particular scale's construct, which may represent a desirable outcome or an undesirable outcome. For example, higher scores for the Physical Function scale represent better function, whereas higher scores on the Depression scale indicate more depressive symptoms.
Reliability was assessed as both internal consistency of the items for each PROMIS measure (Cronbach's alpha) and as test-retest reliability of each PROMIS measure. In general, scores above 0.70 are considered acceptable for both types of reliability [21] . Test-retest reliability was assessed for the subset of patients who reported that their pain was about the same at 3 months compared to baseline. We also examined the subset of patients whose 3-month follow-up pain intensity scores were within one point (plus or minus) of their baseline score. We measured test-retest reliability using the intraclass correlation coefficient (ICC agreement ) [21] . Unlike a simple product-moment correlation, in which scores can be highly correlated even if they are systematically different, the ICC considers not only the strength of correlation, but whether the slope and intercept differ from those expected with replicate measures. Values of the ICC range from 0 (indicating only random agreement) to 1 (indicating perfect agreement). The ICC is mathematically equivalent to the kappa statistic for nominal data or weighted kappa for ordinal data [21, 22] .
For examining construct validity, we chose not to add redundant measures of multiple domains for comparison with the PROMIS short form. Instead, we relied on comparisons with other patient features that allowed hypotheses regarding associations with the short form. Construct validity of the baseline scores was assessed by comparing scores between subjects who were or were not seeking worker's compensation, those with high or low scores on the Pain Catastrophizing Scale, and those with or without a history of a fall within the past 3 months.
We hypothesized that subjects who were seeking or receiving worker's compensation would have worse scores on most PROMIS measures than patients who were not, based on earlier studies reporting worse self-reported pain, function, and mental health scores among patients with back pain who receive worker's compensation [23, 24] . Similarly, we hypothesized that patients with high pain catastrophizing scores would have worse scores on most PROMIS measures than those with lower pain catastrophizing scores, because of studies associating catastrophizing with worse pain, functional disability, depression, and anxiety [25] . We also hypothesized that subjects with recent falls would have worse scores than those without, given evidence that musculoskeletal pain, functional ability, and depression are all risk factors for falling [26] [27] [28] . *Missing values from 0-4 persons per variable (0-2%), except opioids in past year, with 11 missing (5%). † "Other" diagnoses included carpal tunnel syndrome and other arm or hand pain (n ¼ 8); shoulder pain, including rotator cuff injuries (n ¼ 9); fibromyalgia (n ¼ 7); foot pain, including plantar fasciitis (n ¼ 11); hip or knee pain (n ¼ 15); leg or ankle pain (n ¼ 8); and ambiguous conditions (n ¼ 5).
To assess responsiveness of the scales, we first tabulated mean score changes for patients who reported at 3 months that their pain was much better, slightly better, the same, slightly worse, or much worse. We calculated Spearman rank order correlations for PROMIS scales scores across these categories. Next, we calculated effect sizes for patients with self-reported improvement or worsening of pain. This was calculated as the difference between baseline and follow-up score divided by the standard deviation of baseline scores. We then tabulated standardized response means, calculated as the score change divided by the standard deviation of those score changes.
We examined ceiling and floor effects for the PROMIS scales by tabulating the proportion of subjects with the best or worst possible scores. For this purpose, we examined all the scores both at baseline and at 3-month follow-up.
Because our study subjects had a mix of musculoskeletal diagnoses, we conducted a stratified analysis comparing our largest diagnostic group (back pain) to patients with other diagnoses. All the analyses above were conducted for the two subgroups. Other individual diagnostic groups were not large enough for meaningful comparison.
Results
Participants
We enrolled 202 subjects, but four actively withdrew consent, leaving 198 enrolled participants. Their mean age was 66.5 years. Most patients were white, consistent with the general population of rural Oregon, and back pain was the most common single clinical condition. Almost 83% had pain for greater than two years, and approximately 40% had previous surgery for back, neck, or joint pain (Table 1) . We obtained 3-month follow-up data from 197 subjects (99%).
Average scores on the PROMIS measures were relatively stable over the 3-month follow-up (Table 2 ). At the 3-month follow-up, the most common response to the query about change in pain was "about the same" (46%); with more patients reporting their pain being worse (32%) than being improved (22%) ( Table 2 ).
Reliability
Internal consistency of the baseline PROMIS measures was generally high. Cronbach's alpha ranged from 0.81 (sleep disturbance) to 0.95 (satisfaction with social role) ( Table 3 ). The NIH Research Task Force (RTF) impact score had a Cronbach's alpha of 0.91.
Among patients who rated their pain as "about the same" at 3 months of follow-up (n ¼ 91), the PROMIS scores were relatively stable and provided an estimate of testretest reliability (Table 4 
Construct Validity
The evaluation of construct validity of the PROMIS measures is shown in Table 5 . As hypothesized, patients seeking or receiving worker's compensation had statistically significantly worse scores on every measure compared with patients who were not seeking or receiving compensation. Similarly, those with high catastrophizing scores had significantly worse scores on each PROMIS measure than those with low catastrophizing scores. Patients with recent falls had statistically significantly worse scores than those without recent falls on all but two measures: Pain Intensity and Sleep Disturbance.
Responsiveness
Responsiveness of each measure was evaluated by tabulating the mean score change between baseline and 3-month follow-up, the effect size, and the standardized response means for patients who judged themselves improved, the same, or worse on the pain improvement scale ( Table 6 ). The mean score changes monotonically increased for Pain Intensity and Pain Interference, and monotonically decreased for Physical Function, in moving on the pain improvement scale from "much less" to "much worse". Each of these correlations was statistically significant. Similarly, the changes in the mean impact score (derived from these three measures) showed a statistically significant monotonic increase across the pain improvement categories. Changes in Sleep Interference, Anxiety, and Social Satisfaction were also correlated with pain improvement categories (in the expected directions), but less strongly than were Pain Intensity, Physical Function, or Pain Interference. The correlations were statistically significant for Sleep Interference and Social Satisfaction, and borderline significant for anxiety (p ¼ 0.06). Changes in Fatigue and Depression were minimal and not statistically significantly correlated with pain improvement categories.
Ceiling and Floor Effects
The percentage of scores at either the highest or lowest possible score for each measure was generally low ( Table 7 ). Only two scales (Depression and Anxiety) had more than 10% of assessments at the lowest possible score.
Analysis Stratified by Diagnostic Subgroups
The analyses above were also conducted separately for patients with back pain (n ¼ 61), and compared to patients having all other diagnoses (n ¼ 137). Results in general were similar for these two subgroups. For example, Cronbach's alpha for the PROMIS physical function scale was 0.92 for the overall population and also for each subgroup. Cronbach's alpha was also nearly identical for the impact score in both subgroups, and for all the PROMIS scales. Scores for the patients with back pain and those with other diagnoses had similar associations with the presence or absence of worker's compensation, with catastrophizing scores, and with the presence or absence of falls. Measures of responsiveness were also similar. The main difference between subgroups in the stratified analysis concerned test-retest reliability, where most values were lower in the back pain subgroup than the other diagnoses subgroup. For example, in the 3-month retest, the kappa value for the physical function subscale of PROMIS was 0.62 in the back pain group compared with 0.78 in the other diagnosis group. Similarly, the impact score had a kappa value of 0.63 in the back pain group compared with 0.77 in the other diagnoses group. With the smaller sample sizes in the subgroups, some variability in test performance can be expected, but it appeared that test performance overall was similar in the two diagnostic subgroups.
Discussion
In this longitudinal study of older adults with chronic musculoskeletal pain, we found the PROMIS-29 to have good reliability and validity by conventional psychometric assessments. The four-item scales for individual PROMIS measures had high levels of internal consistency and the measures had substantial test-retest reliability. Furthermore, baseline scores for each measure were significantly associated with seeking or receiving worker's compensation and with levels of catastrophizing, and, for most measures, with recent history of a fall. Scores showed sizable changes over time that were consistent in direction with patient selfreports of pain improvement or worsening, suggesting appropriate responsiveness to change. The association of score changes with the pain improvement scale augments the evidence of validity in addition to indicating responsiveness of the short form scales.
The test-retest reliability coefficients, most around 0.7, may seem low to some observers. Some constructs, such as pain intensity, are expected to change and to be variably interpreted by patients over time. Further, we note that these coefficients were based on a repeat test after 3 months, a longer time interval than often used for test-retest evaluation [21] , but corresponding more closely to a usual interval between clinician visits. Furthermore, this interval minimizes memory effects, which may inflate test-retest reliability when survey points are scheduled close to each other [29] . The results are therefore more typical of clinical patient reports of change, but reflect the greater variability expected over a longer interval. If we use conventional interpretations of the kappa statistic as a guide to interpreting the ICC, a score of 0.7 would be judged as "substantial agreement" [30] .
For responsiveness to change over time, a common rule of thumb is that an effect size of 0.5 is moderate and one of 0.8 or greater is large [31, 32] . By these standards, patients who reported "much less" pain showed large effect sizes for pain intensity, pain interference, and the impact score. Physical function showed a moderate effect size. Among those judging themselves "much worse," moderate effect sizes were observed for pain intensity, pain interference, physical function, and the impact score. Although interpretation of standardized response means is challenging and may differ from that of the effect size measure [32] , the values in Table 6 are similar to the corresponding effect sizes.
Identifying a minimal clinically important change from our data is crude, based on the relatively small numbers of patients who improved or worsened. We speculate that a minimally important change is one corresponding to patient reports of pain being between "slightly better" and "much better" (or between "slightly worse" and "much worse"). Based on the mean score changes tabulated in Table 6 , we might then estimate that for the pain intensity, pain interference, and physical function measures, score changes of around two points could be considered a minimal clinically important change. For the impact score, three points might be considered a minimal clinically important difference. Changes on the other scales in this study were not highly correlated with changes in pain intensity, and our data do not allow estimation of a minimal clinically important change.
These anchor-based estimates of minimally important change (using an external measure of change for comparison) are congruent with estimates in other studies of chronic musculoskeletal disease. Kroenke et al. suggested 2.0-2.5 for the PROMIS-29 Anxiety and Depression scales [16] , and Hays et al. suggested 2 points on the PROMIS 20-item Physical Function short form [15] .
Our study is limited by not including "legacy" measures of pain, function, or mood for direct comparison. Indirect comparisons between our data and other reports of well-validated legacy instruments must be made cautiously, because of different populations, methods, and measurement timing. Nonetheless, our findings for the PROMIS 29-item short form appear similar to the performance characteristics of several "legacy" instruments. As an example, studies of the Oswestry Disability Index for low back pain report Cronbach alpha statistics ranging from 0.71 to 0.87 [33] . Effect sizes for patients who judge themselves "better" or "much better" have been reported as 0.80 to 0.87 [34, 35] with standardized response means in the range of 0.80 to 1.0 [35] [36] [37] . Studies of the more generic Physical Component Score (PCS) of the SF-12 have reported Cronbach alphas of 0.77 to 0.89 [38, 39] , and effect sizes of approximately 1.0 for patients judged "better" or "much better" [34, 35] . Turner reported no ceiling or floor effects for the Physical Component Score [40] . Few instruments have reported test-retest statistics for intervals as long as 3 months, but the Roland and Morris Disability Questionnaire for back pain had testretest reliability of 0.76 to 0.81 at this interval [41] .
Making more direct instrument comparisons remains an important agenda for future research. Nonetheless, an emerging literature is beginning to provide a "crosswalk" between PROMIS scores and legacy measures of various constructs [42] [43] [44] [45] [46] .
Other limitations include the sample of a rural, older, primarily white, northwestern US population, which may limit generalizability of the results. The heterogeneity of diagnoses, with relatively small numbers of each, and with the likelihood of multiple diagnoses in some patients, made meaningful analysis by diagnosis (other than back pain vs. non-back pain) unfeasible. We also recognize that the sources of pain identified by patients are not mutually exclusive, and that important overlaps are possible. For example, "arthritis" often plays a major role in back pain, neck pain, and extremity pain, so precise pathological distinctions cannot be made here.
Our results support the use of PROMIS-29 measures in clinical studies of patients with chronic musculoskeletal pain, with a caution about possible floor effects in the anxiety and depression scales. The PROMIS-29 also appears promising for cost-effectiveness evaluation [47] . However, it seems likely that computer adaptive testing, using the full PROMIS item banks, would perform better than the 29-item short form [8] . Thus, although the PROMIS SF-29 may be useful for many purposes, the greater precision of a longer form, the computer adaptive version, or a legacy measure may be desirable in particular circumstances. An example would be when one of the subscales here (such as physical function) is used as a primary outcome measure.
Our findings further support use of the impact score recommended by the NIH Task Force on Research Standards for Chronic Low Back Pain, even among patients with a wider range of musculoskeletal pain conditions. The impact score (with nine items rather than four) had among the best performance characteristics by every assessment. Further study is needed to evaluate how these measures compare with legacy measures and with other versions of the PROMIS measures. 
